Preimplantation development and viability of in vitro cultured rabbit embryos derived from in vivo fertilized gene-microinjected eggs: apoptosis and ultrastructure analyses.
Microinjection (Mi) of gene constructs into pronuclei of fertilized eggs is a widely used method to generate transgenic animals. However, the efficiency of gene integration and expression is very low because of the low viability of reconstructed embryos resulting from cell fragmentation and cleavage arrest. As a consequence, only a few viable embryos integrate and express transgene. Since cellular fragmentation and cleavage stage arrest in embryos may be associated with apoptosis, we aimed to test the hypothesis that the low viability of Mi-derived eggs is caused by a high rate of apoptosis in embryos, as a result of the detrimental effect of Mi. Pronuclear stage eggs (19-20 hours post-coitum, hpc) were microinjected with several picolitres of DNA construct into the male pronucleus (gene-Mi); the intact eggs (non-Mi) or eggs microinjected with phosphate-buffered saline (PBS-Mi) served as controls. Epidermal growth factor (EGF; 0, 20 and 200 ng/ml) was added to the culture medium and the embryos were cultured up to 94-96 hpc. Apoptosis was detected using the TUNEL assay, and the ultrastructure was analysed using electron microscopy of Durcupan ACM thin sections of the embryo. Gene-Mi embryos had significantly lower (p < 0.05) blastocyst yields and a higher percentage of cleavage-arrested embryos than those in the non-Mi group. In gene-Mi groups, approximately 40% of all cleavage-stage-arrested embryos had fragmented blastomeres. Both gene-Mi- and PBS-Mi-derived blastocysts had a significantly higher TUNEL index (p < 0.001) and lower total cell number (p < 0.05) than the non-Mi embryos. Comparison of the quality of gene-Mi embryos with that of PBS-Mi embryos indicated that the deleterious effect of Mi on the embryo was caused by the Mi procedure itself, rather than DNA. EGF (at 20 ng/ml) had beneficial effects on the quality of gene-Mi-derived embryos, eliminating the influence of the Mi procedure on apoptosis and embryo cell number. Ultrastructural analysis confirmed a higher occurrence of apoptotic signs (nuclear membrane blebbing, areas with electron-dense material, numerous apoptotic bodies) in Mi-derived cleavage-arrested embryos compared with untreated or Mi-derived normal-looking embryos. These findings suggest an association between embryo cleavage arrest and apoptosis in Mi-derived embryos. Inclusion of EGF in the embryo culture medium can eliminate the detrimental effect of Mi on embryo quality.